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PREPARATION OF PHARMACEUTICAL GRADE AWINO ACID CHELATES 



This application relates to methods of preparing amino acid chelates which are essentially tree of 
contaminating anions. More particularly, this invention relates to methods of preparing pharmaceutical grade 
amino acid chelates. This application is related to copending application Serial No. 738,065 filed May 24, 
1985 entitled "Pure Amino Acid Chelates", which will issue July 8, 1986 as U.S. Patent 4,599,152. 

5 Amino acid chelates are products resulting frcim the reaction of a polypeptide, dipeptide or naturally 
occurring alpha amino acids with a metal ion having a valence of two or more to form a ring structure 
wherein the positive electrical charges of the metal ion are neutralized by the electrons available through 
the carboxylate or free amino groups of the alpha amino acid. For convenience sake, metal ions having a 
valence of two or more will simply be referred to as divalent metal ions or divalent cations. 

70 Chelate formation through neutralization of the positive charges of the divalent metal Ions can be 
through the formation of ionic, covalent or coordinate covalent bonding. In the past, amino acid chelates, 
have generally been made by first dissolving a water soluble divalent metal salt in water. An amino acid 
ligand is then reacted with the metal ion at a ratio of ligand to metal of at least 1:1 and preferably at least 2:1. 
Often, the ligand is a hydrolysis product obtained by acid, base, base-acid, or base-acid-base hydrolysis, in 

75 such cases, the by products from hydrolysis, such as anions including chlorides, sulfates, phosphates and 
nitrates, and cations, including potassium and sodium remain in the hydrolysate. Reaction products of metal 
salts with proteins or with acid and/or base hydrolyzed proteins are taught In U.S. Patents. 2,960.406 
(Carson); 3,396,104 (Miller); 3.463,858 (Anderson); 3.775J32 (Richards); 4,020,158 (Ashmead et al); 4.103,003 
(Ashmead) and 4,172,072 (Ashmead). In order for the reaction to proceed to completion with the formation of 

20 a cyclic chelate ring, the amino acid has had to be at a pH which is preferably above, or more basic than, 
the isoelectric point of the amino acid. For that reason, a certain amount of an alkali metal hydroxide, 
carbonate or bicarbonate has usually been added to the reaction mixture. 

Most water soluble salts used in making amino acid chelates have been either sulfates or chlorides. 
Using the sulfate ion as exemplary, the reaction has generally proceeded as follows: 

25 

2NaOH + MSO4 + 2NH2CHCOOH ^ 
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where M is a bivalent metal cation and R is a radical of a naturally occurring amino acid, dipeptide or 
polypeptide. It is apparent from the above formula that the sulfate anion is present in the reaction mixture in 
the form of sodium sulfate. U.S. Patent 2,877,253 teaches a product formed by the reaction of one mole of 
glycine with one mole of ferrous sulfate. That patent indicates that the sulfate anion becomes tied up in the 

^ reaction which allegedly forms a ferrous sulfate-glycine complex. Whether or not the sulfate actually 
participates in the reaction, or is present as the salt of an alkali metal, it nevertheless is present in the 
reaction mixture. Such products are difficult, if not impossible, to purify. While sodium sulfate, per se, is 
water soluble, the reaction between a metal sulfate and an amino acid is never carried to 100% completion 
and the sulfate ion is always present. The same holds true for the presence of chloride ions when utilizing a 

^ metal chloride salt for amino acid chelate preparation. 

Even if one were to attempt to wash out the excess sulfate or chloride ions with repeated washes, such 
an attempt could well be counter productive inasmuch as glycine and other amino acid ligands are also 
soluble to a degree. Hence, depending upon pH. the unreacted ligands or weakly held ligands could also be 
removed along with the unwanted anions. 

Other methods teaching the reaction of metal salts with ligands made up of protein, protein 
hydrolysates or amino acids are found in U.S. Patents 3,168,541 (Hobbs); 3,969,540 (Jensen); 4,167,564 
(Jensen); 4,216,143 (Ashmead) and 4,216,144 (Ashmead). 
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These salt by-products in amino acid chelates cause a variety of problems, not the least of which Is 
cost. When salts are present, it is innpcssible to obtain an amino acid chelate with as high a metal content 
as with the salts absent. It also costs both to prepare end ship the unneeded salt. Moreover, these salts 
often pick up moisture and make handling of the product difficult. Most importantly, the health of humans, 
5 plants and animals receiving amino acid chelates Is, in general, affected adversely by the presence of these 
salts. 

In U.S. Patent 4,599.152 (Ashmead), electrolytic methods tor preparing anion free amino acid chelates 
are taught. While these methods are successful in prepanng such pure forms of chelates, they are relatively 
expensive and time consuming. 

TO It is an object of the present invention to provide methods for the preparation of substantially pure 
amino acid chelates suitable for pharmaceutical use. 

It is also an object of this invention to provide methods of preparing amino acid chelates which are 
substantially free of interfering anions. 

Another object of this invention is to provide methods of preparing pharmaceutical grade amino acid 

75 chelates on a commercial scale. 

These and other objects may be obtained by means of one or more chemical methods wherein one or 
more amino acid, dipeptide. polypeptide or protein hydrolysate ligands, tree of unwanted anionic impurities, 
are reacted with a metal ion in an environment wherein the by-products of the reaction are water, hydrogen, 
or water and carbon dioxide. Suitably, pure elemental metals, metal oxides, metal hydroxides and metal 

20 carbonates are reacted with purified amino acids, dipeptides, polypeptides or protein hydrolysates in an 
aqueous environment under appropriate conditions to cause the interaction between the metal and amino 
acids to form an amino acid chelate. 

There follows a detailed description of four embodiments of the invention. The basic principle of each 
method is to have the reactants produce the desired amino acid chelate and a substance such as water, 

25 cartxin dioxide or hydrogen which can be easily removed from the chelate thus formed. The common 
feature in each method is also the key to its successful operation. That key is that amino acids function as 
acids. While that statement may not sound so profound, many researchers in the past have not considered 
amino acids, including dipeptides or polypeptides, to be sufficiently acid to be a propelling force for a 
reaction. Even though amino acids are very weak (pKa for glycine - 9.6), their acidity is great enough to 

30 cause the desired reactions to occur. In each case, the acidic amino acid proton is removed to form water 
or hydrogen and the nitrogen lone pair on the alpha amino acid niti'ogen atom becomes available, along 
with the carboxylate ion, for bonding with the chosen metal. The metal will preferably t^e a member 
selected from the group consisting of calcium, magnesium, manganese, iron, copper, and zinc. However, 
other bioessential divalent metal ions such as chromium, selenium, cobalt, molybdenum and vanadium 

35 could also be utilized. 

Each embodiment to be described in detail is illustrated by the following general equations: 
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wherein M is a divalent metal cation and R is a radical of a naturally occurring annino acid, or dipeptide, 
tripeptide or quadrapeptide moiety. 

The amino acid chelates formed from the methods of this invention will ordinarily contain between two 
to four ligands for each divalent metal ion regardless of the oxidation state or valence of the metal ion. The 
following structural formulae, in addition to those shown above in equations (I) - (5), are representative of the 
amino acid chelates which may be prepared by the methods of this invention: 
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40 wherein M and R have the same meanings previously given. It will be noted in each of these fomnulae that 
the metal atom is completely neutralized and is canrying no net electrical charge. Again, tt is to be stressed 
that these formulae are but representative and that other structures formed by the combination ot a divalent 
metal ion with at least two amino acid ligands are also within the scope of the present invention. The upper 
limit of amino acid ligands to metal ion is detemnined only by the capacity of the divalent metal Ion to 

45 interact with the particular iigands used. Therefore, while ligand to metal ratios of 2:1 to 4:1 are preferred, 
chelates having a ligand to metal ratio in excess of 4:1 are also considered to be part of this invention. It is 
taught in U.S. Patent 4,167,564 that ligand to metal ratios can go as high as 16:1. Products having a ligand to 
metal ratio of 1:1 are usually in the form of complexes or saltsand are not chelates. Also, they are generally 
impure due to the fact that the valence requirements of the metal ion are not satisfied by the presence of a 

50 single ligand. However, to the extent that 1:1 complexes of ligand to metal are acceptable for end use, they 
can be prepared by the methods disclosed herein with minimum impurities. 

While any suitable amino acid or protein hydrotysate ligand may be utilized as long as it is free of 
interfering anions, it has been found most productive to utilize low molecular weight ligands such tfiat the 
chelate, when formed, will have a molecular weight not in excess of 1500. Preferably, the molecular weights 

55 will not exceed 1000 and most preferably not be in excess of 500. Chelates having molecular weights of 300 
and under are especially preferred as they are absorbed into biological tissues much more rapidly. These 
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chelates, when orally ingested, are believed to be absorbed into humans and animals via a dipeptide 
absorption pathway. The intact absorption of dipeptide like amino acid chelates is documented in the book 
"Intestinal Absorption of Metal Ions and Chelates", by Ashmead. et al. published by Charles C. Thomas. 
Springfieid. Illinois, 1985. 

5 Since the desired molecular weight of the amino acid chelates is limited, relative to the molecular 
weight of proteins, it is preferable to utilize as the amino acid source, purified amino acids selected from the 
group consisting of alanine, arginine, asparagine, aspartic acid, cysteine, cystine, glutamirte. glutamic acid, 
glycine, histidine, hydrcxyproline, isoleucine. leucine, lysine, methionine, ornithine, phenylalanine, proline, 
serine, threonine, tryptophan, tyrosine and valine or dipeptioes, tripeptides or quadrapeptides fomrted by 

70 any combinations of the above. 

The metals are preferably selected from the group consisting of calcium, magnesium, manganses, iron, 
copF>er and zinc. Other bioessentia! metal ions such as cobalt, chromium, molybdenum, vanadium or 
selenium may also be utilized. 

H is anticipated that it will generally be desirable to produce pharmaceutical grade metal chelates in 

75 which the metal is the same throughout the product. However, there may be instances when a mixture of 
metal chelates may be desired in which the chelates have amino acid ligands combined with two or more 
differing metals. Such mixtures can be produced by mixing of finished products or. if feasible, by utilizing a 
mixture of metal ions in the reaction with the amino acid ligands. 

The amino acid chelates prepared according to this invention are of a quality suitable for phanmaceuti- 

20 cal use and are considered to be substantially pure. By pure or pharmaceutical grade is meant that they are 
free of the interfering metal salt anions referred to above, i.e. sulfates, nitrates, chlorides, etc. However, in 
the formation of these pure chelates, it is sometimes preferable to utilize weak organic acids or their alkali 
metal or ammonium salts. In addition, buffering agents may also be used. Typk:al of these are citrates, 
ascorbates. acetates, carbonates and bicarbonates. These reagents are soluble and may be removed from 

25 the precipitated amino acid chelates by washing, if desired, in certain instances, an electrical current may 
be utilized to provide the potential necessary to complete certain reactions. In such instances, a certain 
amount of hydronium or hydroxy! ions may be formed. These ions do not affect the purity of the chelates 
and recombine to form water. 

The term "interfering anion" is utilized throughout this disclosure to refer to the aforementioned sulfates, 

30 nitrates, chlorides, etc. These anions not only have the disadvantages already mentioned, they are also 
believed to interfere with metal ion absorption in biological systems. For example, the sulfate ion is believed 
to interfere with the absorption of amino acid chelates through the intestinal walls of humans and animals. 
Thus, ft is apparent that there are multiple reasons for not wanting these anions present. On the other hand, 
anions such as citrates, ascorbates, bicarbonates and the like are not "interfering" and in fact may be 

35 beneficial. In the gastrointestinal tract, they may act as buffering agents protecting the amino acid chelates 
from destruction by the acidic media of the stomach thereby allowing them to pass into the small intestine 
intact where they are absorbed. Thus, for purposes of this disclosure, whenever the term "anion free", 
"pharmaceutical grade", "pure" or "substantially pure" or the equivalent are utilized in describing the amino 
acid chelates prepared by the processes of this invention, it Is intended to mean free of anions of inorganic 

40 acids but is not meant to exclude added amounts of non-interferring anions of weak organic acids, hydroxyl 
ions or buffering agents. 



Elemental Metal Method 

45 

Active metals such as calcium, magnesium and manganese, when placed in the presence of amino 
acids, reduce the acidic amino acid proton to hydrogen which is given off as hydrogen gas. Iron, zinc and 
copper are not sufficiently reactive to cause this reduction to occur without the application of a slight 
potential to the metal. This may be done by the addition of electrolytes to an aqueous solution or by the 
60 application of an electric potential in an electrolytic cell. 

These reactions all occur in an aqueous medium wherein the amino acid ligand has been at least 
partially dissolved. The most obvious evidence for the reaction of metals with amino acids, using glycine for 
purposes of illustration, is the disappearance of the metal and the ebullition of hydrogen according to the 
reactions: 

55 
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The pH of a glycine solution before reaction is about 6.0. When using calcium as the metal the dH of 
the solution after the reaction, increases to about 9.4. W,th magnesium, ti pH inaeases traS'uno 5 and 
w,th manganese to about 9.0. A smaller pH increase, to about 7.8 is noted with iron. Wth zinc ^heTS 
25 increases to about 8.0 and with copper to about 7.5. ^ 
When using copper, it Is necessary to apply a potential electrically. Other metals may also be Ionized 
or oxidized, using the metal as an anode in an electrolytic call. The cathode can be any inert material S 
as graphite. The reaction proceeds according to equations (10). (II) and (12) above In thTCmpleS 
Itnr? nr nr,: " T'""' °" reduced.' vJhether using an etect^^^ 

Eletrolytic methods using iron, copper, zinc and manganese as the metal and glycine as the amino acid 
S^L7. hT' "T'w"' '"'"^"^'^ demonstrated the preparation of the correspond ng lTo c d 
chelate having a ligand to metal ratio of at least 2:1. In each instance, about 3 grams of glycine we e 
3, admixed with 100 ml of water containing a small amount of citric acid. A small power supp y Zucina 3 
voHs of D.C. was attached to the electrodes. When the surface area of the electrode was 20 I2 a cJ^ent 
of 5 amps was observed to pass through the system 

«riHlI?Z'mV! ^'yl'^ '"''"^ ""'^ "9^"^ or without an electrolyte 

^ZZIT rf ' P"^' '^'""^^ ^"'^ ^"°^'"9 ^t^^ to proceed unde 

The following examples illustrate this preparative method. 



EXAMPLE I 



GJne^/ri?t?h "''^ m °' ""'^^ ^ "^'9^' °' ^^''^ ^^'d as a buffer-etectrolyte 

Giycme, 13 parts by weight, was added to the water and stirred until it had gone into solution To Ts 

50 allowed to stand for 48 hours. Upon observation, the ebullition of hydrogen gas was noted The dH of the 
solution gradually went from about 6.0 to 10.5 over the reaction period ^ 

C to^Sf! I'Vl °' ''^'^^^ *° "'"^"^^ ^^'^^ heated to about 100- 

rhitf n^^ I 'P^^y ^"^^ *° P^°^'d« « magnesium diglycine amino add 

chetete powder hav,r.g a magnesium content of about 10% w. and a glycine to magnesium ratio of atoutl'l 
55 When reconstituted in water, the pH of the resulting solution was about 8.0. The pH different bet^2,^^e 

:r to^fyre sir °" ~^ - - ^ amou-^MTaS: 
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EXAMPLE II 

The procedure of Example I was repoated using 1095 parts by weight water. 3.5 parts by weight each of 
citric acid and elemental manganese metal and 205 parts by weight glycine. The 'reaction was allowed to 
5 proceed over a 48 hours period and was then filtered to remove undissolved materials and spray dried to 
recover a manganese diglycine amino acid cnelate having a manganese content of about 16% w. and 
having a melting point of about 203" C. The mole ratio of glycine to manganese was about 3:1. When 
reconstituted as an aqueous solution, the pH is about 7.0. 

10 

EXAMPLE 111 

To 87 parts by weight deionized water was added 9 parts by weight glycine and 2 parts by weight 
fructose. To this solution was very slowly added 2 parts by weight pure calcium metal with no mixing. The 
75 evolution of hydrogen gas was immediately accompanied by a rise in temperature of the solution to about 
66** C. The heated solution was filtered and spray dried to produce a calcium diglycine amino acid chelate 
having a metal content of about 14% w. and a melting point of about 145* C. The mole ratio of glycine to 
calcium was about 2:1. When reconstituted in water the solution has a pH of about 9.6 

20 

EXAMPLE IV 

To about 700 mis of deionized water containing 50 gms citric acid was added 225 gms. glycine. A clear 
solution was formed. To this solution was slowly added 55.8 gms of elemental iron. The solution was heated 
25 at about 50" C. until all the iron was observed to go into solution (about 24 hours). The product was cooled, 
filtered and spray dried yielding an iron triglycine amino acid chelate. 

Metal Oxide t^ethod 

30 

Calcium, magnesium and zinc oxides, react most readily with amino acids In aqueous solutions to form 
amino acid chelates. There is some evidence that other transition metals such as manganese, copper and 
iron also react to slowly form amino acid chelates. In the case of magnesium and calcium, the heat of 
reaction and change of pH indicate that the reaction has taken place. For example, in the case of 

35 magnesium, reacting with two moles of glycine, the pH of the glycine prior to magnesium oxide addition is 
about 6.0 and after the magnesium oxide is added the pH is raised to about 10.55 accompanied by the 
release of heat at about 6.5 kcal/mole. 

The reaction between metal oxides and amino acids occurs because the metal oxides are basic and the 
amino acids are weak acids. When they react, water and the chelate are the only products produced. There 

40 are no interfering anions entering into the reaction as impurities. In the case of alkaline amino acids, such as 
arginine, it may be necessary to add a reaction aid, such as citric acid, to enable the reaction to proceed. 
The desired amount of ligand is preferably first at least partially dissolved in an aqueous solution along with 
any reaction aid, buffering or stabilizing agent. To this solution is then added the desired amount of the 
metal oxide and the solution is allowed to stand until the reaction is completed. Because metal oxides are 

45 relatively insoluble in water, relatively large amounts of water are required to get the metal oxide into 
solution and the reaction can proceed slowly. Therefore, sufficient amounts of water and time should be 
provided to allow the reaction to proceed to completion and at least until there is no more any evolution of 
heat. Upon completion, the solution is preferably filtered to remove any unreacted metal oxide before spray 
drying. Because large amounts of water are required in each of the embodiments of this invention, spray or 

50 drum drying is required to remove water and obtain the pharmaceutical grade amino acid chelate product. 
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EXAMPLE V 

A solution was prepared consisting of 12.4 parts by weight of glycine dissolved in 82.2 parts by weight 
water containing 1.0 part by weight sodium carbonate. To this solution was added 4.4 parts by weight zinc 
5 oxide. The molar ratio of glycine to zinc was 3:L The reaction mixture was allowed to stand for about 14 
hours and turned an opalescent color. After standing, the mixture was heated to about 70** C. and spray 
dried to obtain a zinc triglycine amino acid chelate powder having a melting point of about 209" C which 
turned red upon melting. The zinc content of the chelate was about 20% w. The dried product had a 
moisture content of about 7% w. and when reconstituted in water had a pH of about 8.0. 

70 

Metal Hydroxide Method 

Almost all amino acid chelates can be prepared from the corresponding metal hydroxides; however, not 
T5 all metal hydroxides are readily available or convenient to prepare. Calcium hydroxide can be prepared by 
the addition of calcium oxide to water, but hydroxides must be prepared from aqueous solutions containing 
metal salts, such as chlorides or nitrates, by being precipitated as metal hydroxides by the addition of 
sodium or potassium hydroxide. With magnesium, manganese and copper there is no problem in adding 
excess base^ However, care must be taken with zinc and iron which react with excess hydroxide and are 
20 not effective in the production of chelates. 

The driving force for the production of amino acid chelates from corresponding metal hydroxides is the 
production of the weak electrolyte, water, as shown in equation (4) above. The basicity of the metal 
hydroxides varies greatly with the stronger bases reacting more readily with the weakly acidic amino acids. 
The basicity and solubility of the principal metal hydroxides is Ca>Mg>Mn>Fe>2n>Cu. This is better 
25 illustrated by the following table: 
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35 


Zn(0H)2 


1.2 


X 




8.68 




Cu(0H)2 


2.2 


X 


10-20 


7.55 



4Q Because of the relative insolubility of metal hydroxides in water, sufficient water must be provided to 
bring the metal hydroxide into solution and it may be advantageous to allow a reaction mixture of metal 
hydroxides and amino acids to stand for a period of time to allow the reaction to proceed to completion. 

45 EXAMPLE VI 

Calcium oxide is added to water forming a saturated calcium hydroxide solution having an initial pH of 
about 12.75. Glycine is added to this solution in an amount to provide two moles of glycine per mole of 
calcium. There is a noticable evolution of heat and the pH decreases, to about 10.55 in a matter of a few 

so minutes after adding glycine. It is calculated that the evolution of heat amounts to about 7 kcal/mole for the 
reaction of one mole of calcium hydroxide with two moles of glycine. The solution is filtered and the filtrate 
is spray dried to produce a calcium diglycine amino acid chelate having a calcium content of about 14% w. 

In a different embodiment of this mode of preparation, It is not necessary to use excessive amounts of 
water. It has been found that a moist paste may be formed from a mixture of most metal hydroxides and 

55 amino acid ligands in the desired ratio. The paste is allowed to stand for a period of a few hours or even 
days. Again, there is a noticable evolution of heat and decrease in pH. The completed reaction is then 
diluted with water, filtered to remove unreacted insolubles and spray dried. 
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Metal Carbonate Method 

Like their metal cxide and hydroxide counterparts, metal carbonates are relatively insoluble in aqueous 
solutions. Therefore, sufficient water nnust be utilized. However, even with small announts of water there is 

5 generally sufficient solubility that an acid-base like reaction occurs between the metal carbonate and the 
amino acid ligands to cause the reaction to proceed according to equation (5) v^th the release of carbon 
dioxide and water. Therefore, the paste method described for the metal hydroxide embodiment is also 
applicable to the metal carbonate technique. The solubility of metal carbonates may be increased by the 
addition of carbon dioxide or a soluble carbonate, such as sodium carbonate, to the solution. Care must be 

70 taken not to lower the pH to the point that the reaction between the metal from the metal carbonate and 
amino acid does not take place. The following example illustrates this mode of preparation. 

EXAMPLE VII 

75 

A copper carbonate solution was prepared by adding 6.1 parts by weight of cupric carbonate to 80.9 
parts by weight water. The copper carbonate was rendered more soluble by the addition of 4.9 parts by 
weight sodium carbonate. This solution was allowed to stand without agitation for about two hours. To this 
solution was added 8.2 parts by weight of glycine and the mixture was slowly stirred for about two more 

20 hours, A hazy blue solution was observed. To this solution was added 65 parts by weight of a 15% citric 
acid solution and the mixture was stirred until a clear blue solution was observed. This solution was spray 
dried resulting in a copper diglycine amino acid powder having a copper content of about 14% w. and which 
melted at about 194 **C.. Upon being reconstituted in water, the pH of the resulting solution was about 7.5. 
The above examples and descriptions of the various embodiments are sufficient to allow one skilled in 

25 the art to practice the invention with considerable latitude. Since virtually all chemical reactions are in 
equilibrium, it is desirable to choose those reaction conditions most suited to amino acid chelate 
preparation, i.e. which will drive the reaction to the right in the above equations. Thus, providing sufficient 
water to enable the metal, metal oxides, metal hydroxides or metal carbonates to come into solution as the 
reaction proceeds in the formation of the amino acid chelates is an important aspect. If insufficient water is 

30 present to allow all of the metal compound to come into solution at once, the reaction may proceed more 
slowly. As a metal ion is reacted with amino acid ligands to form a chelate, additional metal ions from the 
metal source will come into solution. Hence, in the case of a paste, It may take considerable time for the 
reaction to proceed to equilibrium. As previously mentioned, the use of considerable amounts of water is 
not a disadvantage in the present invention. Many spray or drum drying techniques require that the solids 

35 content of a mixture to be dried be under 30% w. 

The suitability of any particular metal, metal oxide, metal hydroxide or metal carbonate and the 
oxidation state of the metal ion may be determined without undue experimentation. In some instances, the 
higher oxidation state of a transition metal such as copper is required since the ion must be in at least a 
divalent state. However, in the case of iron, either ferric or ferrous ions may prove acceptable and the same 

40 holds true for manganese. Hence, no attempt has been made to limit the metal ions to any particular 
oxidation state as long as they are at least divalent. 

While glycine has been used in the above examples for purposes of illustration, the choice of the 
particular amino acid ligands may be tailored to the particular needs of a human, animal or plant. Certain 
amino acid chelates or combinations of amino acid chelates may be targeted to specific tissue sites as 

45 taught in copending patent application Serial No. 826.786 filed February 6, 1986. 

The particular reaction aids, buffering agents, electrolytes and solubilising agents have been described 
with sufficient clarity that one skilled in the art may recognize those which can be adapted to use in the 
present invention to produce a pharmaceutically acceptable amino acid chelate. Hence, the invention is not 
limited to the specific agents or materials taught in the disclosure but is considered to encompass all 

50 functional equivalents thereto and is limited only by the scope of the appended claims. 

Claims 

55 I, A method for the preparation of pharmaceutical grade amino acid chelates, substantially free of 

interfering anions, which comprises reacting an anion free ligand selected from the group consisting of 
naturally occurring amino acids, or dipeptides, tripeptides or quadrapeptides thereof, in an aqueous 
environment, with a metal member selected from the group consisting of elemental metals, metal oxides, 
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metal hydroxides and metal carbonates, wherein the metal is member selected from the group consisting of 
calciunn, copper, iron, magnesium, magnesese. zinc, molybdenum, cobalt, selenium and vanadium, and 
wherein the mole ratio of ligand to metal is at least 2:1 and recovering the amino acid chelate thus formed 
therefrom. 

5 2. A method according to Claim 1 wherein the molecular weight of the amino acid chelate formed 

does not exceed 1500 and wherein the mole ratio of ligand to metal is between about 2:1 to 4:1. 

3. A method according to Claim 2 wherein the metal member is an elemental metal selected from the 
group consisting of calcium, copper, iron, magnesium, manganese and zinc. 

4. A method according to Claim 3 wherein a potential is added to the aqueous environment to 
10 expedite the reaction. 

5. A method according to Claim 4 wherein the potential is an electrolyte. 

6. A method according to Claim 5 wherein the electrolyte is a member selected from the group 
consisting of citric acid, ascorbic acid, acetic acid, carbonic acid and ammonium and alkali metal salts 
thereof. 

T5 7. A method according to Claim 4 wherein the potential is a direct electrical cuaent and wherein the 

elemental metal fomns the anode of an electrolytic celt. 

8. A method according to Claim 2 wherein the metal member is a metal oxide selected from the 
group consisting of calcium oxide, copper oxide, iron oxide, magnesium oxide, manganese oxide and zinc 
oxide. 

20 9. A method according to Claim 8 wherein the metal oxide is a member selected from the group 

consisting of calcium oxide, magnesium oxide and zinc oxide. 

10. A method according to Claim 8 wherein said aqueous environment consists of sufficient water to 
bring said metal oxide at least partially into solution. 

11. A method according to Claim 10 wherein said reaction is carried out in the presence of an agent 
25 selected from the group consisting of citric acid, ascorbic acid, acetic acid, carbonic acid and ammonium 

and allcali metal salts thereof. 

12. A method according to Claim 10 wherein said amino acid chelate is recovered from said aqueous 
environment by means of spray drying or drum drying, 

13. A method according to Claim 2 wherein the metal member is a metal hydroxide selected from the 
30 group consisting of calcium hydroxide, copper hydroxide, iron hydroxide, magnesium hydroxide, man- 
ganese hydroxide and zinc hydroxide. 

14. A method according to Claim 13 wherein said aqueous environment consists of sufficient water to 
bring said metal hydroxide at least partially into solution. 

15. A method according to Claim 14 wherein said reaction is carried out in the presence of an agent 
35 selected from the group consisting of citric acid, ascorbic acid, acetic acid, carbonic acid and ammonium 

and alkali metal salts thereof. 

16. A method according to Claim 14 wherein said amino acid chelate is recovered from said aqueous 
environment by means of spray drying or drum drying. 

17. A method according to Claim 13 wherein said aqueous environment consists of only sufficient 
40 water to form a moist paste of said metal hydroxide and amino acid chelate ligand. 

18. A method according to Claim 17 wherein said moist paste is allowed to stand under ambient 
conditions for a determined period of time after which it is diluted with water, filtered and the filtrate is spray 
dried or drum dried. 

19. A method according to Claim 2 wherein the metal member is a metal cartxinate selected from the 
45 group consisting of calcium carbonate, copper carbonate, iron carbonate, magnesium carbonate, man- 
ganese carbonate and zinc carbonate. 

20. A method according to Claim 19 wherein said aqueous environment consists of sufficient water to 
bring said metal carbonate at least partially into solution. 

21. A method according to Claim 20 wherein said reaction is carried out in the presence of an agent 
50 selected from the group consisting of citric acid, ascorbic acid, acetic acid, carbonic acid and ammonium 

and alkali metal salts thereof. 

22. A method according to Claim 21 wherein said agent is a meml^er selected from the group 
consisting of cartx)nic acid and ammonium and alkali metal salts thereof. 

23- A method according to Claim 22 wherein said metal carbonate is copper carbonate. 
55 24. A method according to Claim 20 wherein said amino acid chelate Is recovered from said aqueous 

environment by means of spray drying or drum drying. 

25. A method according to Claim 19 wherein said aqueous environment consists of only sufficient 
water to form a moist paste of said metal carbonate and amino acid chelate ligand. 
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26. A method according to Claim 25 wherein said moist paste is alloweo tc stand under ambient 
conditions for a determined period of time after which it is diluted with water, filtered and the filtrate is spray 
dried or drum dned. 
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